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To gresent an exnmpla of nonpnormal diaorzminatury nnalysil.
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Ihe pethematical sta¥istical problem of the d.aoriminnticn of . -
" accident prone individuals is preseinted with many 111ustrat1vm L -
sxamples from industrial and Air Foree literature, The argu- I :
_ments in ths literature for prgmsnnas are critic1~ed and tho |

. meed for better msthamatical modals of pronenaun is pointed ou\
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SECTION 1

Introduction S
l! N o B

" In most of the oroblems Trea d’in'th e foregei

3 n the -
observable varlables have in practice been ascumed to have i,
A /

a normal distributlon. But when one observes the number of w\il P4

- aCLidents per person occurring in a reasonable ner1oa to a

samﬂle of persons, the distribution is” not even approximaeely

normal.r Purfhermore if one con31ders attached to each per-

'son a numoer renresenting his average a001dent rate--that
‘the: avcaage Iumber of accldents per ye T aay, over h154

adult llfetlme—~then tne distrlbutlon of trese rate= in a

certain pooulat1on Geuld certainly not be normal because of-f

its non- negative character; and 1n Df&Cthu thia distribu-
U A b
tionranpears te beWgeneralLy too SRew forhnormal apnrox1ma-,f '

B

“tion. "H0wever, it is ohv1ous that ‘these rates can never.

: themselvea be.obsexvea. S0 that our alf tion as to t“eirfe'

ii<

distribution ﬁurt be inferzed. For thege reasons the study

of_acc1dents QkDVldes an-excellent-exampleaof_gqn-porma;

di&cfiminatoryianalysis;“

% Report Number One, "Survey of Discfiminatory Analysis®, by Dr. J.
Hodges; and Report Number Two, "Factor Analysis and Discrimination®,
by Dl"g E' Fix. ) !
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But what is the diseriminatory oroblem? First it must
be established that different peorle under similar condi--

tions have dlfferent accldent rates, and hence that the »nrob-

lem exists of discriminating the high-rate versons from the

Jow-rate. To solve the problem efflciently it 1s necessary

to anal&ze the nature of the distribution of the rate and.

of assoclated variables. An implicit as umntion has been

mgde that such rate is constant over tne years for a glven‘ - P .

| person ‘4nder a certain set of exrosurs condlthns.‘.Lhe pres- L e

-ent nart describes the attempts that have beﬁn made to qolve',

.-lthese broblema and to set up discrlminant nroceduras.-and 77:“_ -VEX "
indicates variouﬂ uQints, ‘both theo;etical and exnerime t&l,. o R -
which anoear fruitful for futher research. SRR | o <_
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SECTION 2

Exlstence of Individual Differences

in Frequency of Accidents

ﬁ- . ment .or all citi7ens of a town, or all who passed a certain
‘intersection. But it was early noted-—industriallv first,

’h,31nce individual records were there avq;lable--that differ-

'l

.y ent. departments or types of work had average rates consist-"“

. ent with themselves but consistently different f*om those of-

other departments. This was to be expected, due to differ-,

A
\Y
z

partment. whsre ellrworkers did the same thing for the samei

‘Tt 1s” abpropriate to note at this o01nt tha» the quoted.

Sy

statement, although it 1ed the original workers into inves-

o tigations which eventuaily substantiated by other means the

exlstence of individual differences, is not itself such a
substantiation. Asg Mintz and Blum (1949) adequately demone
strate, even if all -oersons have -the: same nroneness, a
large proportion of the accidents will occur to a small num-

ber of the individuals.

I ent conditions of expo@ure to risk. Yet even within a de— 45;

. number’ of. hours per week, it was. noticed that Wthe bulk of =

3the accidents occurred to a limited. number of individuals."re o

w




411 investigators to date have started with the aseunp=
tion that the chance of occurrence of an accldent does not
depend on the severity of the accident. That is, if a per-
son has a high rate of scratches he will have a higher nrob-
ability of having a serious aceident than the person who has

lffa low rate of-scrafches. On the basieéof this assumntien

- one 1s enabled to fdrecast or avoid disastrous consequences

~ > . - . on the basis of co pamati ely harmless observations. In the . L

7 i a o ‘event the assumnfien is wrongh-and'eneinight well argﬁe-that
_some nereens are more careful in tne face of Known extreme
eérrma‘~afwdanger than other e--the ; udies sti11" are’ valld for. minor to.
§o - moderate» anries and useful. as they stand. The eract*Cal
; . '  k reasen for cnoosing tc study ninor over maaor accidents is
ohvious, the Statis tlcal reason is that indiVldudl dlfler

\\

_’_'encec do not skow Skl mell wnen the average rate is low. If’é ‘
“the averagewrate-—eve“ 1f it be minor accidents--ls onr the
/} o order of 033, say, then thore is 11t£le room for var*ahility "
/T'U.' § in ind1v1dual rates xhen we reme- ber Lnat the number of acci~
;F):; . dents is 0, 1 2, '-~" and tne iength of observaticn is nece s-}_
| o sarllyerestrlcted. Thus 1t is desirable. in making stuuiesﬁ
to find a department in wnlch-the acc1dent rate is nlgh and © ﬁm
to use a unit period as long as possxkle sub3ecc to. the rtne  "
requirements of the analys1s._ Jith an average da partmentai
accident rate of 4.0, say, there 1s much more room flor 1ndi-
?idual varjafione in rate to anpear if they exist, evan in

one observationgl pericd. . ,
There have been attempts tn'ectab’i tatls tically

AP

o




- - sults shown in Tablelif

the connection between major and minor accldents. One prag-
tical difficulty 1s that the figures for minor accidents
fepresent only those which are rencrted whereas major acci-
dents are faithfully recorded. In gathering data one must

try to reduce the unrenorted accidents by some dewvice, pres-

sure, or incentive; and in interpreting data cne must fealize'

~ that it is really a tendency to have and to-report accidents

With theee facts well in miud,

hich is being measured.

a group of 14,524 dockyard workers for one year witn the re-f;‘

- Farmer and bhambers g1926) apalvseu six dlIIerent trades 1n,ﬁ_;,5“

A major accident was defined as- an

J_ accident involving dne day. or more lost ,time, 4nd the eorre-

/

1ation coefflcient found between ‘the. number of maio; acci-"

mate formula for

_efficient wher the

AN

Vdents and the number of minor accidents.

Usina an ap

i

,he nrobable error of the correlation co-

_ Tab]e l
;wNumber in - Trade’ Major accidents ¥inor Accidents Correlation
-group s Average.rate Average rate Coefficient
' 6 050  Laborers <053 1,534 14
35507 Shipwrights 029 .9j5 W17
- 429 - Doys _ .051 .935 .25j7
‘«,235 . ‘Riveters 078 2 .25
~181 | Caulkers C$127 2 22 31
639 Beilermakers 052 012 .36
2,634 Fitters ‘ .029 - 446 .06
759 Drillers 056 876 =, 04
196 Smiths 071 .806;' -.02

observations are normally oistributed, Farmer and Chamner=

concluded

that .the flrst
 being greater than 2-1/2

seven correlation coefficlents,

times their estimated probable er-

o el
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rora, wvere significantly differant from zero and hence indi-
cated a nrositlive correlation between major and minor acci-
dent rates. However these two varicbles are far from being
normally distributed; in fact they take on only small inte-
gral non-negative values with a large number of 2eroes. The
regression may be far from linear, so that the correlation
coefficlent does not give a good descripticn‘cf theﬁrela;
ticnénin; cﬁén if the regressicn is lincar,’ﬁhe significéncéj“

of the correlation coefpicient debends on the reldtive siﬂds_
i

- ._of the two - avarage rates. For a discuss1on of the low values

‘l

.of . r tn be exnected here due,dolely to the fact that we ob-

4

- serve numbers of. accidents ratHer tnan individual ratcs, see S

Ty
the early part . of S°0t10n 47 But one qualitative fact is ob-_

vious;= the- samnle correlaticn coefficients lean heavily to
the nositive side of zero.

\ b

Having noted the cautions to be ooserved, consider now

 the question. do the accident rates of different nersons

) under similar conditions differ 51gnificanuly9 A narticular

person is exnosed to thp risk of an acoidcnt for wany an

.

rstants of time with a small rrocabiJity that the acciden“\\

4.-w111 ocecur at any partiéular instant, if that nrobahility

is constgnt then the number of accidents occurring in a nar-
ior
ticuiar psriod will follow the Polsson law:

T : k_-A
(r) = . P{X=k} = A-;E.‘._

where P{X=k} denotes the probability that the number of

IR

o




'ber of dccidengs occurringp i. e., the oroportion of persong

accidents in a veriod will be k, and A denotes the mean
number of accidents per period for that -particular verson;
i.e., A 1is that number attached tco each nerson which has
been defined as his accident rate under the given conditions
and is to be distinsuished from the actual number k of ..
acgidents bsfalling him in a period. Unfortunately 1t is
inct nossible accurately to'measure the A's of two. neon‘e
and hence to prove COhCl”sive1y that they 'diffﬁ%g%*}. 'f'“’_”
It is thécretlcally D0881b1e Vf’obsnrve the actual accideqts
occurring in rany neliods, ‘to estimapt the two A's. and b
porral anrrTaximaticn to ﬁest for a- é&gnif¢0au diffefence,

but tnhls requires a sufficient number o¥ periods-»a 11fet1meu
wtxhan‘-iio Justify the norwal annroximation to the medn oi

the “riqbon. (It is inplicitly asqumed here that the rate
doag\not chaﬂgc 28 time goes on. For & discussion of B} s

aqqunttitn See sectlﬁn 4.) Instead one mav observe many

peonle under simila” conditlcqs of ex~osuié over as long a

\.;,» '/\

t:me as is nxacuicAb?e,'obtain ng a dis tribntion of the num-

\

w1th 0 accident~

5, uith 1 acc;dent, with 2 accidents, etc.
If all fhe;nersons “in such a grduﬁ have the saue rate

A;, then tne DbSﬂTVutiunS form a saﬂole rc{ a Pcilsson dis-

tributicn. it is nus hOSSl*lﬁ to test the hynothesis that

all pegnWe under similar,tnhditions of exposure have .the same

rate ﬁ, by testing uhm deUlSClCaL hypothesis that tbe ob-

servations come from & :LlSSOﬂ distribution, CGreenwood and

‘Woods (1919) did this %¥or 14 groips cf womeh, from 50 to 750

R T A e
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in size;, each in a particular type of work in manitions pro-
duction. The best estimate of the fitted A was of course
the average observed ratej; the fits were all so poor that
not even a X.2 test was considered necessary in order to
reject the hypothesis that the observed numbers of asccidents

were from a Poisson distributionn—and hence to reject the

hypothesis that all persons in each-group had the same rate. -

Newbold g1926) analysed 39 groups, from 22 to 440 in size,

in various industrial eperatiohsuby suﬁerimposing, on the
B

'obServedyfrequeﬁcj cur VES, litted curves based on the ayer-l.

7 age rate and fitted curves based On the number of -persons

A

havinngero accidents. In both cases 1t-was "very clear

from these grapns that...greaus are not homo eneeus as_re-,”

N\
gards accident risk."" R

For more p*ecise indicataon of the lacx of homogenelty,
l 1

. 9‘*NeWoold suggested the use of two. critevia--the coeff1c1ent

W, \l

of vaniatlon ahd the relatlon uf uhe average rete to. the
number oi persons having zero accidepts. The eoefficient
E nof vaviation, being the .tandard deviation divided by the
" mean, 1s A.% for a Porsson disfrlbuticng thus the ob-
served coefficsent of variation may be cospared with the
reciprocal root of the average accident rate, any divergence
‘of the two indicating departure from Poisson. Lacklng know-
ledge of the samplingndistributionfof the coefficient of ‘
- variationy ene,has_QO»reasonable significance criterien for
saying when an observed coeffieient'of variation 1s too far

away from the uheoret*eal one. The same cbjection holds for



o i

Vs

from a Foisson distributicn a” lzast.

the other critericn sug ested: wewbold presents a table of
¥y = loggX 5o that antering the table with the observed pro-

vortion x who had zero accldents one may read off the aver-

-age accldent rate y to bes expected from a Polsson distri-

buticn. - again the observed average rate and the theoretical
rate diverge--bpt if one lays downré rule as to when the di-
vergence is suffic tly grezat to deny equal téndeﬁéies to

acciuent, how often is the decisicn wrong in repeated appli-.

“caticns of tne rule?. H>re sore mnqwledge is needeH regarding

“the joint distributicn of zero frequency and mean in sampling-- -

ﬂowever the datd nregentad by'uarver and Chambers (1039)

and b:- Mewbold (1 2L)9 »hen fitted witn a Poisson aistr¢bu—l. .
. \\ \\ o / - ‘;\ o~
ticn, gives Values of X? corresronding to nrooabilities of

lcss»ghaa .OOOl.f This nstab71sheb statistically the e?is-

"tenwef",ﬂndiﬁﬂdual Gif fereﬂ, s>in cvident rates u“der_Simi-‘

N f'\ :
1ar cogﬂitions of’ °Ynosurﬂ aqd er vironmcnt and ubnce of a

ﬁualitv ca]led accident hropeness. The next problem is to
identify as car¢3 as o&s*ibla the acciaent nrone, 1.9., those -
with accident rates high in comparison with-their follow
workman. It is obvicusly futlle te base such a - clasgifica- ’“;

# L

ti n on many y-ars of O”S@TV&LLQH if it 1s at all possible

s

to maxe the classification sooner and thus reduce accidents.

‘Tt is.also futile, fcr_statisﬁiéal reasons, to attempt to

make the classificationfon the basis of the number of acci-
dents occhring te that perseon in a very short tige since

the random or sampling-variatiens wculd ragk the actual rates. -
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" For examvle, consider an oversimolified situation in which

there are 100 "good" persons with A= 0.5 acecidents per year
and 100 "poor" persons with A= 1.5 accidents per year all
deing the same type of work. An attempt is made to eliminate,

on the basls of the number of accidents incurred in one year,

~as many "poor" persons as possible. Tentatively consider the

eliminaticn of all who incur one of\more accidents; by this

rule we may expect to eliminate about 78 of the 100 "poor" .

ones. But at the same time 39 of the _¥good' persons would

be eliminated. If the elimination were to take place at the

hend of two years instead of one year, those being dropped

' who incur two or more ac01dents in ‘the two years,. then 80 of

the - 100 "poor" could be eliminated at the expense of lo:lng
only 26 of the 100 "good W The JmprOVement is not specta- o

oular but indicates the danger in using a short +ime of oh-

"'servationr If the number of "poor“ were originally smaller,

say 40, .the results would ke even less satisfactory since

32 "poor" and 26 "good" would be eliminated 1n one year.

. The numbers computed here rtprosent the brobebllitles 01

C
i

eliminating a person as a- function of his accident rate } ;”,M'
they constitute the penformance chatacteristic of theeiinina-'

- tion rule, by which it is judged in comparison_to other rules.

To conpute thisdperformance characteristie--and hence to‘make
the comparative judgment-fit is necessary to know something
Of the distribution of the A's among the people being ob-
served, or at least among the population from which the

people being observed are drawn. Therefore section 3 will}

o e b L

4
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contain an investigation of ‘the A distributicn.

An alternative arproach to the identification of the
acclident rron2 is to discover scme other measurements which
may be made on a person, such as psychological or physio-
logical tests, which alone or in combinaticn weuld be suf-

ficiently accurate nredictors of the person's accident Iate.

VThe scores on such tests might well be normally distribLted

but the decisive var‘able is not. This approach, treated- 1n-

,,

secticn five, alsg reonires Knowledge of thc distribution of

: accident proneness.

-
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SCTION 3

¢
e

Distributicon

C

Pty

f Accident Troneness

The first attemnt to exrlain the individual diffe;encee
was made by. Greenwood and WOOdS (191 ) as follows: in a udre | I
= s tlcular env1ronment the'origlnalyaccluept rate” 1sntkevsame‘~ f
| *or all norsons, séY" er- ‘(”ot; thet'"accident rate"5stil1 ) e ,ifﬁ
. V,t::w“ refers to the. 1one-rance mean aumber A of acc1dents ner T .

nerlod ) A$ soon as person exnerlences an aCCﬂuent then

i Do B 7

: h*s rate becones f Ai’ reg rdlestof who tneru.rsor is.- As

5 bl

soon as a nerson#has had two acci dents nls rate he com°s A

Suemict

‘--and so one. Jlne cut of fourteen grouus, 1ittea w1th the

2t gt

so-called "blessed distrnbutlon“ in,wnich Ag- # ‘Al = A ”r;;s,

resulced 1n a 7(2 corresnondiué to a orobability highvr than
lO--that is,;were not significantly di fferent in distributlon

h

:at the 10 percent level. . dowever, Greenwood and Noods‘nre-“
" ferred another exnlanaticn (se= below) wnich sometimes hau a
:snaller value of 7K?(better fit) and had twelve out of_theé
fourteen gr0uns fit aCeeotably at thv 10, percent level. /l , }
7 There was another reason given for the rejection of the- ) ! -
“blas ernlanetiEn. For each of four grouvs of from 21 to J6
. ‘.‘— 7 women’the samnle correlation coeff1trent was obtained be-

3 , tween the number of accidents, occurring in cne oerlod of

three mcntbs and the number of accidents occurring to the | : . j,”

13
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\'nivner correlatien coefflcients for the subgronns.‘ dow-’ ’

“ag o result of the removal of persons with no accidents in

the flrst periody the grcuns are swal], the observetitns St

ica

same person in a subsequent period of three months. The
correlation coefficient was then computed for each of the
four subgfoups formed of women who had at least one acci-
dent in the first period. The investigators argued as fol-

lows: The persons removed had the same rate to start the

second period as the first so their number of accidents in

the two neriods tends to be ﬁncorreiated. 'Then their re~

moval would undilute the original results SO as to, give

';ever the. 1atter comnute to be lower, therofore uhe bias |

”".assumntion is w;ong. The reasoning is hardly precise and

the data show little decrease in the correlation coefficient

de01dedly ‘non- ncrnal, the nrobable errors anwarently have j’ T e

. 4
N u - - v

been estimated assumino normatluy; all 1n all the ev1dence

presenteq agaigst the'"biassed distr;butiqn”_is notcon- Juﬂﬂ;'g, ':

vineing.

And yet tne latter is the 51rnlest f‘or*r' of a very log- -

P

}-..Jl

HStruéturef’ Greenvood and vule (1020) gave the formulasJ
for fittlng a distribution Jlth as many as flve dlfferent |
values cf A instead of just twe., However the fitting is.
fairly laborious and the acduracy‘o; the estlmates ot the

Afs 1is unknown. CGreenucod and fule tried to find a simnle-

flexible.functiqnal reletien between Ak and k but re-

- ported no success. Irwin, in a discussicn of a paper by

' Chambers and Yule (1941), shows thut if A = AO + ¢k with

0
b bd o Wby 23 ¢

'

el i B 6
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c > 0 then the distribution of accidents will be a nega-
tive binomial, which will be seen in what follows to fit

the observed data gulte well. Thus vwe are led to consider
this exvlanaticn as yet not sufficiently contradicted. How-
ever Irwin pecints out that the necessary restriction c¢ > 0
implies an increase in the average rate in time whereas the

data show if anything a decrease in the average rate (see

f ) comments in scetion four). It still remains an open ques-

ticn whethor or not'there exists eTsimnle functicnal-relal

tJOD between Ay and X that wouid be ccmnaratively simnle‘”

to fit, would fit the data acceotably by 712 test,. and

‘ would pernans infer a reduotion of averige rate with ex-,-

o \\

pe-f.l.‘:n g . .» ‘\\“ _'\\ ) ., ‘ _

The other nriccipal tieory of accident proneness 1s the

one wnich assumes each nerson to maintain a constant A un-

der glvan environmental conditions with some distribution of#

this A i - thé porulation. The rirst distri\butirn to be -

tried was the normal--obviously negative A ls meaningless

"but the actual. A distribvtion may be:e”sentially normal

nevertheless if the variance Is sufficiently small with Tes-

' pect to. the mean. ureenwood and Yule (1920) found the equa—

7
L

tions for the first few frequen01es of the accident distri-;

bution, using a nermal A distributiono These equaticns_"

indicate that in order to avoid fitted accident frequencies'

]ess than zero or greater thar‘unity the average accident~

rate nmust exceed -one-half the variance of the achident dis-

tribution. But that condition is not satisfled by most qb-

15




servationg. . Hence the normal distribution is of no use here
even as an aprroximaticn.

The next likely distribution--one having a range from
zero to Infinity with both flexiblllity and a minimum of para-
meters for ease in fittirg--was the Pearson type III curve or

Gamma distributions

& D @ e

A< oo

T
O
WA

’ _where“;fA deno +es the fr@qnﬁﬁc function or probability de$=

jon]

AT

sity, function and a,fand b are. arbitrary pos*tive constants;”"””““»"'f

4 -
P

ureenwood and wOods”found tdis 4istrvbution to nave dnother
v/ . //' -

'advnntage' it Tesu,ts in a négative binomial distributlon of
_‘accidents, whence tne ﬂOﬂenoa are easlly calcu]ated. ~If",X '

stands for ‘the number of accidents 1ncurred by a person in a \

Defiod tﬁén;.  R ;?f L ;;', B i N /
(3) p{x.m#{:' (I;El) L [(a+k) y
' A o \bpFL) , R
| = ;@ om0 T(a) ke (b+1)
(- m= EX) =/
"41 A L m_" L 5 : ?7' 'b+l . 
. e - o 2 g w_hgjw”w_ a = a
(3 oy = alEarn) 9] -éE—-l -+ & j

o

Qhéfe & >0 and B> O are constants to be determine” from
the observed distribution of acc1&cnus. By subsultuting the'
observed ﬂean ‘and sfandard error 1n these two equatlrns, mo—'
;ﬂent eatlmaces of a and h may be obta;ned from WLlCh an

exvected distribution may be calculated and tested against

the observed by calculation of iK?. This has beseh done by

Py




Greenwond and Woods (1919Q) for their 14 groups of women
rmuniticn workers with only two observed distributions sig-
miricantly different from the exrected;--and those two, 1t
1s polnted out, are the large grouns unsegregated by depart-
ments so that the "guarantee of equal exposure to risk is =
much slighter than in other cases." Newbold (1926) found

out of eifht groups that two were significantly différeﬁt,

o at the 5 vercent leve;-und ansther two sibnlficantly dif-

\ txiqulcn nroblem whlch emnhasized twe usefulness of the ne-;

-

»gferent.at, ‘w 10 ?e;cent level.‘.mven thls was achieved

/

tnrough Judic*(us grouping. ,hcweVer the fit was mucn better
han for dny other cUns1dered hYDGth851b- '

CIn 1927 ewbold reported ariother appréach to the dis- "

gative blnomlal dlstributﬂrn 1n this connecticn. otarting

© without any assumrt1nn as to- tn, form uf the A distribu- e -
tion, she aerlved var*fus relatlrnships between the lower
' order o nents of tne 'A-uistrlbut;un-and the lqwen order iw-~www¥¥
7 moments of the observed X-distribution of accidentss
(7) y; ? g b(A) = B(X) = =,y say.
. l . -
[l . -
" g il = 0 - -
(9) . . ,Mj,%‘;;— H__‘;’X - .')05( +. 2m | . ' . o :
(JO.)' M = M - 6p - 6o, an + 1liey 2 3m2-6m- |
; Faan ™~ Tayx 5, K5 T X :
, ' 5 ' a o
' .0 o, .
1 ' = A = -
_(lJ.) ~ f’?_,)‘ 5 1 5
. (o C:.r
X A

where. M, is the 1tP
?

sentral moment of phe}Variable a. and

17
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PXA i1s the correlaticn coefficient between the accldent

rate A bf a nerscn and the numbsr of accidents % incur-

red by that narsce in ecne vericd. Using tie observed mo-

ments of the X distributicn cn the right-hand side of

équations (7ff(10) to estimate the woments cf the‘undérf

lying A,distributicn, riss Nawbold aralyzed seven grOUjs_

as to the best-fitting‘PeéfSOn curwe. Tour were found to . -
 ;bé;0f‘tyne IJ, two of typeuﬁlrJ and cne was imbossible
”?siz-grm) Since type III is the hordorllpe case between
71T and VI J 1t here obtains further suooort as b $ng a gseir
ﬁ”..Pul rodel 1n this-situation. - :

# ) . 1 .':

In a small StLd] of 39 trolley xa; ﬂotolmen in 1948

%Brown and Ghiselli renort nine rnstrlbltJrns of w 1cn, al?

» though Lhey diad not note tké act, three have a- variance

a1ler tnan the mean, ﬁhereby putting them_in the "imnoq-

_sibfﬁﬂ area. -The diffiéulty appears to be in the cuite . :
small average/ra+e couoled w1th the. small size. salrle, a1~ )

thcugh (S or Qf tag” *mnossiwle grouns }as an’ aVdegD rate'c{'

1.14. N | L S o

"The most recent - suggest‘on regardwng the d;strlbutlon v’ o

= of A is by Hintz and Blum (19 49) to the effect that it Tay
consist of a coﬁtlnuous DOTthn such as F-arson type III
upon” whi ch 1s quper*mnosed a small groun of particularly

*
prone 1ndiv;dugls with A= A", a comnaratively high v

alue,
i , j
Two of Newbold's distributlons were thus fitted mut no {irm

coriclusicns were drawn,

18
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B ropulation will in general be dlfferenu ror differs nt Einds

A\ \ ’/

SECTION 4

Stability of Distributicn of Accident Proneness

There are two types of stability to be lnvestigated.
: One is the Stablllty in tlme whlch hes already been nmen~ .
',tlcned, i.e.; does the ‘person who has a high a001dent xate ;“m;j

in cne set of perlodﬁ stall have a high rate in a latLr set

of DeTlOdS’ wote.that "rate" still is deflncd to mean the

'tunqerlv1n5 narameter A, nrcgumed c0nstant for a- person 1n - ' REEE WS
‘flglven env1ronm°nt during g perlod at- least. Stabllity 1n ’ R o
' ooy ' 3
time wouid 1mply that A re malns'éqngtant as long as the en- 4

I3 L L

- "VirUnment'?s cbnstaﬁt. The ouher tyne of stablllty is sta- _»

=
I
Léuma

i

,bifiéy'in xindsy i.e., does the nerson wno‘us a high acci@ent
" rate for cne £ind of accident also have a nlgh rate for an- - -\
ther kJnd of ac01aent9“ Here we. Cannot eynect the two A?

to bu the sane 51nce tne-averaae raue of an antlre group or

// ,,,,,,,,,

I

Vigof u0c1dents, some klnds will ocecur for everyone more often
V ’ - o ; ""l J - ’ i
) tnan cther x;nds. Creased fenders may appear more frequently . 5
: . : X B

in taxioab operatlcns Lhan flat tlres. But °tability in

oy

kind wovld 1mp1y that SF T ashum has a higher A for
creesed fenders then doee Lm. boezy then Ir. Smashum will

also have & higher A for flat tires that “'r. Goezy.

i 7 5
ig .

anibans 4 bt &v\ﬂl o,

&
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Consider first the verificaticn of stability in time.
The first technicue, by Greenwcod and Wccds in 1612, was to
correlate the number of accidents Xl and X2 occurring to
each person in successive periods. These {irst comprutations
were admittedly made on very srall groupsi the resulting
four_oorrelaticn coefficients ran from .37 to .72'with‘prob—,
able errors estimated at about .10, Jewbold (1@26) obtained
ca range of .20 to .)7 in nine- out of eleven groups with -.Ol
%nd {.05 in the other two groups. Caleculated probable errore?
ran 1e§ééthan‘.lb out, as oreviouély noted,’ﬁheeveriables =
}here being correlated are far fron normal .80 Lnat the sam-
'pling variation of the correla ion- ooefficienf may well_he

- gulte diffevent.4 The conaistently p051tive results offe;

cualitative suopo;t to ‘the stablllty;>nowev Ty one could

,,,,,,, e

f:wish for more nrecise knowleuge of the 31gn1i¢Cance of these

§ flguzes. Ji’eii;r”' ] o B ir“ o
In 1927 ‘Miss Newbold oresented, along with bh momenﬁ

-~

aoomputatlons dlsn1aved ahove,- Ior, la- for tne correlatlon

coefficient to be exnected between the numberrof ac01dents ::”'1’

-'Xl in one veriod and the numbor of a001dents X in another

2.
"”per1od, assuming that each person will retain his A through
both ger;ods, but not assuming anythlng about the aistribution
of the A’e'amongrthe ?eonye:

E(XJ_X ) *'h(Xl) B(Xy) _ Gk2-m

fx ; =
oo %, - %

(1) .

“where as before m = E(X) = E(A). This may be estimated by




e ey

-

i ,‘

SIS

Y4

inserting the mesan and standard ervor of the cbserved accil-

dent distrib-tica’«n the right:

(A]

. s - X
- v = X
(1_)) ,Ie_—,—-—-———-_g-
®x
waere ’
- , .'2,. PRy - _ 1
(14) 7 Sy === ;(X—A) and X = % ZX ’

the summatlops b=1ng taken pver the eamole,, If both Deriode

7iafe combined for tn;s estlmatlcn, gf will be tw*ce +he num-

L

'(153» P g, =

- ber N of neovle observeo. 5uo noﬂhﬂng is nown of the

dlstributlcn of tulS StatLSth (lg) or - of the sample corre-

latltn conff101eqt ';j

: ¢ o
It ds not even knoWn tnat e ther has the expeétatlon Pk X“

-or that they have the same exoectation. Ihe important

“noint is that the assumntion of stabillty in time does not

imnly a corre]atjon of unit y between o*served accidants in

' 'succeqsiva psllods, %1th the two excent cns Dreviously dis-

‘“coyereo, nine out of" eleven of ewbold's samvle correlations

fell reasonably close-to th= correspordipg values of T

Farmer and Chambers (1959) in a- sfudv of motor drlvers Pound

coosistently‘ l itive values of xlx -that againrwere very-

{

cloee to the co’resnonding values ie' dlthough they did noL

calculate the iatter. It would be oo"fortlng to know "0he—s

thing of the samnpling variatlons in these tatistios and

M

.

..............




vk jeay @ Spuapiry o aaquiny
S oo ey

-

Ld.“x &w%.uﬁ:n.:...-::..o L.“& -\VL!‘M
202k mr:: SR T Y v:eu...m

’

B e p—

3
)

T T T,

. L amak wn.:\ 0.3. S m.«tov.uud. ]
wLU&EﬁE w&v.ﬁ&.i YIM SUP41up jo
54094 m,:.osu..vw?m. Ul 9304 Juspiry umd..u..d
w %L.awnm

@
o

svak- puanbasqns ‘2304 ;uap_n:utv agmanv

b
“

5
|

o~
o~



~
e

_}presentatlon'01 bheli léaulto i° glven‘herewwtn ln'Figure 1,

,based cn- five one- yoar records of 106 ‘bus drivers.g‘Thésef g

hence the sgignificance level of these resultsy or nerhans 8
different avvvoach to the verilicaticn of time stability
would be more convircing.
A different anrroach was tried by Farmer and Chambers

in 1959. Consldering the number of accldents incurred in
the first verlod to be indicative of the relative size of

‘N, they comruted tle averag9 acc1dent ratn in the second
nerlod ior the subgroun wno had no ac01donts tﬁ rfwrst Sl S

3

ﬂﬁriod, the averagde. rate LDI the subgroun who had one. acci-

"dent Ain the Llrbt narlod, tne'averaée rate for the gubgroup

\ haV1n two acond“nts in thc first ve;lod, etc. A grdnhic -

& T u

P2

*,ZregressJLns show a tertle uﬂward trena accentuatedmby the ' ¥
l -

i
ragnlfied~vart1cal sca]e. ﬁut is the slope slgnlficantly,"

w2 . || n : [

“ different from, zero? Or is it 515n1“;cantly different from

What is +o be expected. cOnsiderlrg that the number of first- ‘

i

year acc1dents is at best a Tough indicatlon of AR These i

1

‘.”nuestlons havc not- yet been.arswerea, a]though théy do not C":ﬁq“ ,J“

appear 1mn0551ble of srlutt@n. his svbgect %ﬂarc directly ] : e

I 'I

on the- problen of dlscrlmJnation--ii the‘alone is not Very

-'Steen then elimlnatlun of those with a 1arge n"mber of accj

o I,;." ,
| ]

dents ;n 2 trial reriod would not glve effi cient results. i

i
}

Farmmr and ChambPrs were content to ahplv a tptest to the;

4

average Tdbeb of O gLoun vs. ) or -~ over groun forlpach sub-

sequent year. ths showed a 51gnificant dlzference but is-

at best a very rough check of stablllty in tire.

L3

P

ol s B g o

e i Kafs

ok b [y e T
. \' . "

i ;-i._i PR

N ’




R
B
"
s
[
//-”'
f
7
*u
"
e
;1:1
I'h
/}\\
-

Stability in time, in the sense that A rewvains con-
stant for a glven nerscn and a given eavironment, imriles
that the average rate of a groun will remain cornstant (with-
in samnling variation) in successive neriods.of gobservotion,
Chambers (1%641) stated that it was "gulte cl=ar froms an ia-
apection" ef the average rates in five successive years cf
ObSPTthiFnb on 166 bus-drivers that the average rat 'diiin-c

ishes w1th time'

~

Year © 1 2 5 4 . 5 _,':"'5‘\'\
X 1. 1.54 - 161 151 13
6y - . S : O
R O B SL AN PR PSS PF RS PR

II b}

Yet we do noﬁ Xnow the samrllng distribut;rn of §:'.”_n

and if we use thelnormal apnroximation toward wnwch it teudb

With large size samﬂles, whére % 1s on the ordcr of’ .11& f‘

there 1s no signiflcant cortra ticn to an wsbu"ﬁticn of L

“five indeoendent sam~les from thé sare X- distrihutjcp, and

hence of a A—H;stributicn constant in\¢ime.' ‘ﬂlS is Uartl-.
i gg \\ T

@&

cularly true if the first yzar 1s Dmitted under tbe dSSUT“f Coe

ticen that thetdﬁ;vers were not tralned untll the b ginrlng
of the second year. Lhe ctner data cited by cgambers, on_
191 sninwrlghts, does however show a 51gn flcanF acwnwa;u

“

trend 1n the avcrage rdfe, ‘even with tiue omissicn cf the first

yeax.r Cunseqqencly more data needs to be comniled and & wore

)

. f*‘:

pgwerfql me tza of analysis (sucn as the small-§aiinle dis<
[ ¥ . l . .

tribufi%ﬁ of x, pernafs) are both HEOqu to estahlisﬁ or

dlcprove a dccrease in average rate ‘n successive perionig of

observing a givep,gyoun.

B




I

'*~aeeree of anhroximationnfo ﬂc*m lity. ::-*J%"- T

Even 1f such a trend 1s establidhed, however, it does

not contradict the time-stability of accldent vroneness.
The A's of each pnerson may change in time, but if they
change in such a way as to maintain their relative order on
the A scale-;that is, if Mr. A has a'hfgher A than dr. B
in all neriods--then there is still a stability of accident
rroneness, therindiyidual differenees. FHowever,'in'order to
have efficient discfiﬁinetion it will be Eecessary first to
estahllsh the ndcare of" tnls stabil] ty-—how do the ina:vidual

Als: cnange in tlm@, do- tnev malntaln uonetant ratios,”what

is tne reletiunsaln befween the distrlbutlon of acc1qents in

\

two success:ve 7)“1ods? ] RO e

In/&92o Parmer and Cnaﬁbers 1ntroauced a device desisned

¥

7 : N -
to sevarate the indivLaual effect from .the grour effect and

el

Phence to nermlt ctudies of accident rroneness even wnen the )

lgroun avcrdge rates differed. This.- dev1ce was the "nercent-" oo

. ll
Li \\

age accident rate," the observed number of aq¢1dents for a PE

=
person‘ir c.glven nereod &;v;ded by tﬁe average rate of the . >ia"

(

groun for Ahat period and exnressed as g nerﬁentage. No

%

atterpt was made to establish the stability c mris measure;i;J
7/
nelther is anythlng znown of the samnling distribution oP\taéhi

‘kAh, of the toan of several DAR'S. or of the correldtlon

LOCfflClenf of the PAP W1Lh other vai¢dbles—~not even the

\

bonSider n0w the ex1stence of etab 1ity 1n¢kinde of acci-‘

dents.J The Plrst 1nvesr15ati(n was in 1926 by Newbold, who

found sanprle corrélatich coefficients of .56 and .52, Wwith

25
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estimated vrobahle errors of .06 and .08, hetween accidents
due to flying varticles and otiier accidents, among 64 wo-
men in two pericds of chserviatirn. Between factory aind home
accldents, separately computed for iwo grouns of abcut 300
nen cach and two grovrs of about 150 women =ach, the samnle
cerrelation coefficlents with estimated prrobhable errors were:
.20 if'-'.04. .21t [0y, .26 1 .05, and .31 ¥ .03, The driver
accidents investigated by Farmer and Cnambers in 19j9ﬂwerer

.elassified into’ errors nf 1Udgmeqt,'over—runs, -skids, blame-

|

: less, and miSCellaneous. The pairWise correlations of . these

various tynes of accidents ran from'.Ou to 39, n It is in—
Jteresting to note that the.. smaller correlation ooefficients

correspond to the kind° Wi th the lowest iates. Again the
"1

"question arises as to the significance of thest resuita.},f;f;

,Qualitatively they indicate some connection bftween the two ”“W;,
) // :|| u.),“ oo \I\//r )
“Etynés oi accidents, but hou eood afe ‘the egt ?mates of prob-

- able errorg what 13 the higuest correlatioq/pOSSﬂnle, what
is the eypected corrélat Lon? Lore general[y, is there not )
some” betfer way oi delineating or testlng ‘the oonnection be=

) ! i
" tween two types cf accidents than the correlation coeffic1ent?4

Farmer and Chambers used two other metnods to check the EQ_
stability in kind;=a fourfold table and a regressioh, The 'u- R
’faurfold table was made up by dividing the whole group into;

LWO broad subvrours acvording as their nnrber of?aceidents
of a particular kind was above or below. the groun average for

that kind of accident, then 7k2 was computed for this distri-

butien vs. a uniform distribution in the four cells. This




”of accidents.

gave significant association in five out of twenty cases;
but this test tends toward false significance since even.

if there is no association the table wculd not be expec?ed
to show a uniform distribution because of the skew and dis=-

crete c¢haracter of theraccident-distribution..

' anproach was similar to thelr regressicn attack on time-

stability. The average rate of skids wa* caiculated for

the subgroun of drivers who had no errors of 1udgment, fer

;Ethe subgroup whq had one error of Judgment, for those who

fhad two,,ete,"Thie series was repeated for 2ach +wo kinds

I

T
some “OSSlbly b shaped regresqicn.

_drected? An analysi- ‘of regression basea on an anmronriate

joint accident dlSt[ibUtiln wouid he helnful *n judging the

The regression

A tyoica1 Iesult is given in Table 2, showingu

But,what is to be ox-

,“N;: of Mise. ;T%No. of . 7 Average numbef of ",A
' f ﬁDrivere irrors cover- runs‘“ s&ide‘ ‘blameless
.32 0.94  0.94 " 0.34 " 3006
39 - 0.85 0.49 . 0.54. 2. 82,
R .\ 32 ofi;jf 0.69 ©  0.28 4\72
5 i~ 24 380 0.88 0,46 38|
a 27 1.520 1.4 % 0.36 485
58 12 '\ 1.42 .50 ‘ 6.92 3.83
si%nificance of this sample regression, aﬁﬁ‘hencefthe exlstence
of kind- mtabili ty. 1In 1948 a study of 79 trolley car motor-
men and J4 motor coach operators by rown and Ghiselli, with o

¢

e .aJud&.a—a T gt

P




sccidents divided into five kinds, resulted in correlation
coefficlents from .22 down to .02, with one coefficient a
negative .11. The authors' conclusicns were that this daﬁa
~did not support stability in kind. Howevesr, we reglly do
not know what constitutes a significantly nositive coeffil-
cient in this situation, and the consistently rogitive re-
sult is hoveful. For example, since the average rate and
J'varﬂance of the observad dlstrlbutinn are apnreximately 43 iJ-
{,and ;45’;ésnectively-for coll;éionsrwitn trolley cars and .. i !
'for board*ﬁgvac01dcnus as”wi iﬁf‘ﬁa‘fcfﬁulanglj)uméy be - g N %t”

1 b “ e

~used to find an apnrox1matJén tQ the evnected correlation ' = e '
ll '! : b 'I T - h .'-‘. L '.'» N

,coefficlen e S -
an | rg =

02 _;‘ 04‘ ' . T ' ) i Lo i
- |’ \‘ V,s o h 7,\ " A . ' . "",\) .

t;; . - -t “

' whﬁbh s precise vy the. Uanrle corralat* n coeft ic1ent thut

k - \.\ I 1

as ObSELVSd. Desnite che vpry low vghue then, the data do

S

’ﬁnot real]y deny stablllfy in Klnd., But is this gust a.c@if-hf;f
-"1

. i
'cidence?"dhat aboutnnth~r low valuesi To conpare two kind }

\

>-’;-: ‘

_of acc;aents with different average rdt°S; Say.- with tnp se ’
2 S
cond rate equal to ¢ times the firat ratP, 1t Ls possible- ot :
- ’ i

to use a formula, aeveloped by Hawbold (1027} for: the corre- _ ' 4._ j

i
,\7.. “ i

R T R

**,of dlffernnt chsru.' Ic is, DQSSlee, th«t 18,7“T0Vlded o /

laticn betveén the obaerved_uumbcr of a001dentg in 1wo reriods i

o : S f__. _ 5 - : ' ) Y “7 o
(18_) B A " (c—xi - %) o S

,;_,: B
E - B , ERE : P

is roughly Safisfiéd, dXiZ buing the wvariance uf the

—

distrlbution of th@ ith klnd Pf acc;dbpf and Ay being . -




. t . ,
the average rate for the i h kind of aceident. In such

case

(19)

Py =
X1%o

ponsidering then the data for ccllisions with mOuor/vehlcles
as second hind to be correlatea withi - either of thn abevp-,

fmen+ioned Kindss' iz' 12.22 whence ¢ = 28 4. Then o oy

(20) f’x g = Logs =6 RO
SR & 2 ‘ ‘_/5044)‘+ 0336 ' P o o T

. I: ] , 7 ‘ | | - ”_  G .
d‘as compéifffto the observed[?alues LXlX/ = .Op and 22'l%$#

is obviously st¢11 necessary to rnaw somethlng of the samnling,

HEI

variability of r, even though !3- <16 removos the stigma 7' L “f-’ﬁé ﬁ”

] ” ; . 5;') - N \\,\;\ - ) -
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' relatively high accident rates--i.e..
"Inclvded were a reactlon time test,

) test, a. nursuit meter test, an ocular muscle balance test,

Zthe megan test

centage accidcnt rate, defined dS the: quotlent-

SECTION 3

Tests for Accident Proneness

T t xie voint: a001dent nroneness has been considered

only througn its manlfestaticn 1n the occurrence of acci-

dcnts.( In. 1926 Farmer and Chambers .gave a series of tcsts

bO a total of 6;1 reonle in”an =t emct to flnd'some testsc'l

whlch would be uselul in identlfying those persons wi+h

the accident nrone. M'

a dottlng accuracy"

P

and others,,a rrloli’considerations sucportad by signlxi~

(

canf lnter correlations led to a grouuinc 1nto]éestneto-wsf S

'kinetic coordinatlcn tests, temperamegtal instability tests

-and reasonlng tests., » : : il,j o , Th L

7

First a segregatign of tests 1nto those w1th discriw na-

- r‘fx -y

tory power and those w thkut dl crﬂminatcry “power as regards

: accident vroneness qu attemmted by dividing the subjects

i i

;into two scburoups accordingias they were above or below '

core and then comnutlng thp nnan PAR (pern

tne observcd
number of dcc1dents for a person over the avcrage rate of
the grouo) ior each subgroun. The di fferﬂnce of these two

means feor a ivan test was then checked for slgnaficance

31
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nedﬁum nrone, and if it could be determined in some ore-

;the individual standard;zed test scores by,the diffeyenoes'
J

ﬁperhaps with a negdtive bino"ial mar511al ﬁistrA*vtlcnéj

against its probable error, uapparently calculated cn the
assumption of & normal distributica &l the PAR's with
equal varlances.

Having selected the tests which were significant by
thlis critericn, the next problem was to find a discriminant

function of the scores in the significant tests--a single

; statistlc wnereby to ;aﬁk the subaects in eccident prone-

'ness. Two ﬂethods weTre Sug: ested, althougﬁ there is not

the theoretical justification for them in this case that

'would be available if there were on y-A flnite Ruwber of

,categories, say the accident orone, ‘the non-p«one, and the

Nyl

liminary samﬂle ko which of the & categ ories each of the

h

'»4ub3ects belonged. Perhaps a correspoﬁ ng developmeﬁ

for this continuous cetegory Case can be worked out._ At

H -
l .

any rate, one of the methods suggested was.a weigﬁﬁng
/f

in mean PAR computed as in the nrevious pa%&graph.' Tne o

,other wemhod Sugbested was anweigﬂing of the individua* ;' o

.._stan?ardized test scores by fegression coefficients of num-"

‘-ber iof accidents on test score, To evaluato thls orocedure .

| v

% theoretically would reguire an analysjs of,regression/‘n a "

|. w i B h

éjoiht &istribution of a normal vsrﬂate anﬂ a'uiscrete vaxiate,v

,,-

R P i
‘mo Lvaluate the weigﬂing nroceuurcs ernerl"entallj, ? |
Farmer an Cna“bers ailvided th groun oJ uubJects 1nto four

subgrouns bj tqe cuartiles of the wel nted test score, and

e




i

W

W

s ludy aluhough it seens probabl

found the mean PAR for =ach of tha subgroups to be 62,
89, 112, and 139 rercent. This was a disparity and trend
suffleient to satisfy the authors that the weighted test
score could successfully be used as.s discriminant func-
ticn. However it 1s not known what the rrobabilities of

error are if the weighted test score is used; Farmer and

‘ Chambers themselves desired more data before dfswing further

conclusicns. In 1929 the same analysls was repo;ted off

N three'years observa icn of 1049 Royal Alr wcrcc. preh-
'vtices and 587 Royal Dockyard apprentices. It is hct clear
_if PAR instead of namber of accidents was used in this

An cncouraging fact in

this stndj is that the. weightings (rcgression coeff1cients)

’l

'wcre founc to be fairly constant from =roup to group. This

L wou d apnear to indicate that the tests are stable indicators

Fy
A

R J
©oof accident prdgeness.¢ However, the rcg:essicn is‘of numbenm

. of accidents on test score rk thnr.tﬁanVOf accidéctspronénéssf

on testuscore.' ForﬂtF1= reascn ons Mfoht exnsct the reg;es-

" sion coeff301ents td;vaxv w1th d&ffernnt environments, i.e.,

| " I] " "" 7

'with clfferant avcrage‘hccsdent rat°s.ij? rhans a better|

k|

measure would be regre sion coefflcisnts of DAn on test score .

\_n

In.any event, a tncoretlcal study 1s nceded of the meanlng

ard invafiance:ofrthe regression coefficients and corre;a-

ticn coefficients;in such situaticns. In 1933 andgagain 1n 

3

1959 Farmer and Chambers recog* zed tals need, noting ‘the

lack of . nc%mality and the necessity of linearity of regre581cn

to make These mathods useful..

-~
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S=CTION 6

Discriminant Actiou

t iu\"‘

The discrimi nant prob]em cUnnﬂct 2d with"accident

i
i

~nroneness is tc separate ‘those persons with a srall A

from thosc W1th a large A on Lhe nasis of several ob~

wservatzons, such aS-che number of aCCldents in each Lf .
. n

several nerlods or the scores on severs ftaow-QUCh i

separatmcn will be made on gne basns of a rule,’and it

is ordlnarily desired to ob{ain an- otlmum r“le..

"

4 Desnite the- detailed'regression, correlation, and
'1(2 analyses of the princlples snderlyiné accident diatri"

butions, not much has resulted to oate in de@endable rules

for discriminanc action. The earliest attemﬁt in this 1

direction was, a suggestion by Greenwood. andlwoods (1919)
to elimlnate those whose number of accidents exceeds twics

the avelage rate. No analysis of the consequences of such_

.a ule was given. The probability of being eliminated by

T

such a rule is easi ly ob t’inable Irom the Poisson distri-§5J

nbution. however, and is given in Table 3, for any parti- 5

cular indlvidual.

A
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7.;{say four tdmes-the average rate.

T2 is the-dehéhdénce"of'tﬁé effectiveneSS

&l

Ancther wgymigmgudgv.the eff;culveness
examine the nnobabilitj cf elianatlng
(one whose A equdls the;group-gveras

abirlity of eliuinatinc a népson'whqse_ﬁf

twgrgraphs.
b

‘\|

An Inmportant aspect of beth

accident rate of the groun,

- Flgure

%

whose rate is iour times the aveﬁage.

~

It has

' pronoﬁed to

-l

ras

" low the third lquartile in the weighted

bed bow F;-m

est scores.

of'this nlan is to
the averaLe nerson

e) and tue ﬁroo-

M

is g e multlnlg,7
2-exhibits these
Table 5 dnd Figur
En thP average

It is nart1011arlj inportant
h'to note that for S”all average ratﬂs the rule doéé not dis-

'tinguish at dll betweeﬁ the "average oorscn" and the nerson

B s
. 'l -

Table 3
Prohability of Incurring kore Accidents
Than Twice the'ﬂverage Rate
\k .5 loo 105 2.0 20:5 .)»O _}o; 4‘00 5.0
Average :
~ rate
0-.49 593 632 777 865 . .918 .950 970 .362 .993
.po .99 |.090 264 442 594, 713 .80 .564 L9088  .S3G
| oo 1.49[:014 080 .191 *;ggz 436 ST Lbng o762 Oy
1. )o 1.69/4002 ,019 ,066 .143 242 .3J5 463 .J67 o733
2.00-2. 491,000 004 < ,019 L0335 .109 .185 .2v5 .371 .560...

wer an dfvhaﬁbnrsi_m.f

e]iminate one- qurth of"the subJeﬂtsu-those be-

they de monatrdt d tie effect of varicus removal rules upon

‘Innl939w

.t
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vt'analysis--see part 2 of this renrrr

the average accldent rate of the group studied. Iv re-
moving that 28 percent of the drivers who had three or

more accidents the first year, the aversge rate in the
succeeding four years would have been reduced to 93 nercent
of its actual value. By using woth criteria, 44 npercent
wculd have been removed and the average rate reduced to
87Jperqent; This is a high cost er é small reducticn,

and woulé ﬂot bé praciical. ‘

-Herdan ’1“4 } suggested the use of two- Iact@r Iacﬁor

ana ysis to eﬂtimate A of a person by a linear combination

of hiq PAR for various kinds of accidents, the coef cinnts
' S

: dto bv Obtuln°d by correlations JQ ;e u:ual manner of factor"

\It would seem that ‘the possibilitins of obtaindng an
1§

;‘opuimum rule have not been explored; in such diroction

there|is a need of further investigatlon. ;’

Fii -

/One trend in ‘the. work to. date shouid be ricted and dis-'

/

"-cussed in this connpction. - the honnentldh that bince only

'/correlat*ons less than unity can oceur between a rate A and o

by

W\

number Xw of dcuidents incurred, there ip 1o noint in atw:

.tempting a discrim ion. This arose from Newbold's (1927)
formula . 'lf";,_w-‘- S i i
2 o0y -m
(21) P, =2 __
; "(A-,, ~%2 .; N

where: m = E(X) = E(A). [Nofe parenthetically from (12)
that T’XAg = PX1Xﬂ1° 4 clear expositicn cf thi;’viewnoiht
2 : ' 7

" _-\/. “r

=5
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is glven by Mintz

exam;ne that »nrovorticn of o&g

and Blum (1949).

Their approach is fo

which 1s due to the re-

gression on A in an analysis of variance; however this 1is

2
just Pya *

lhe conclusicn is that the regression will not

account for as much as 50 percent of the variance in many

cases N

That 1s iust another wvay of saying. that.even'if;we

.kpww Lhe A of each person preci sely, we would sti1l be un-

f’éct concLu51un,

/

but what

“able to forecas+ the- number of abc1dents DTeCiSLly.V é'

is the consaquence on the di=~

'/"criminant problem? Presumqbly the alscrlminant oroblém haS\

,“s its motive the reductio? df uhe total number of accidents

1n a perlod by the locatloﬁ and subseﬂuant Plimination,}

high=A persons. The pre*e?t ”uesticn ¢s.' even if a nel -

Vtransfer, and/or treatmenﬁ [See Weinerman (1049)] of thé
’ ] I

l“\

fect ‘test for aq01dent “rﬁnéness is achle ed w*ll the elimi~

\\

 ,s.cni¢icanth; ,On

Lbe 1arge A's

answar~is fnab

)

7

'duoed and henca the'medn numbmr of,acc1dencs.

o/

' nat¢on of such nersons reauce the . tDtal numbor of accidents

n.(X) = SO t"Ia.u- i

‘\
W7

B

are ellminaced then thp mean }\ w:ll be re-

how ef 1c1ently

tnls can be dune depenﬁ; on Lhe di tr:blLiPn af A andé’ is

therepore a subject for furtnpr 1hcu1r1.

e

X

W

o\
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